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Abstract
We show that the nonlinear supersymmetric general relativity gives new insights into the origin of mass and elucidates the mysterious relations
between the cosmology and the (low energy) particle physics.
© 2007 Elsevier B.V. Open access under CC BY license.In the previous papers we have shown that nonlinear su-
persymmetric general relativity (NLSUSY GR) [1] may give
a new insight into the unsolved problems of the cosmology, e.g.
the dark matter, the dark energy and the mysterious relations
between the cosmology and the (low energy) particle physics,
etc. [2]. In this Letter we study further these problems in self-
contained and explicit arguments.
NLSUSY GR is obtained by extending the geometrical ar-
guments of Einstein general relativity (EGR) to new (called
SGM from composite viewpoints [1]) spacetime just inspired
by NLSUSY, where tangent spacetime is specified not only by
the ordinary SO(3,1) Minkowski coordinates xa but also by
the SL(2,C) Grassmann coordinates ψ turning subsequently
to the dynamical Nambu–Goldstone (NG) fermion (called su-
peron hereafter) of NLSUSY Volkov–Akulov (VA) model [3].
NLSUSY GR (N = 1 SGM) action [1] is written as the fol-
lowing geometrical form of (empty) SGM spacetime (of every-
thing):
(1)L(w) = c
4
16πG
|w|(Ω(w) − Λ),
where
|w| = detwaμ = det
(
eaμ + taμ(ψ)
)
,
(2)taμ(ψ) = κ
2
2i
(
ψ¯γ a∂μψ − ∂μψ¯γ aψ
)
.
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Open access under CC BY license.waμ(x), Ω(w), sμν ≡ waμηabwbν and sμν(x) ≡ wμa(x)×
wνa(x) are the fundamental unified quantities defining SGM
spacetime [4,5], i.e. the (composite) vierbein, the scalar cur-
vature and the unified metric tensors of SGM spacetime. eaμ
for the local SO(3,1) and taμ(ψ) for the local SL(2,C)
are the ordinary vierbein of EGR and the mimic vierbein of
the stress–energy–momentum tensor of superon ψ(x), whose
dynamical parallel alignments for the spacetime orientations
of SGM spacetime are encoded in waμ(x). G is the New-
ton gravitational constant, Λ is a (small) cosmological term.
Remarkably κ , which is the arbitrary constant of NLSUSY
VA model with the dimension (length)2 and subsequently
becomes the strength of the superon–vacuum coupling con-
stant in the (low energy theorem) particle physics viewpoint,
is now related to G and Λ by κ2 = ( c4Λ8πG)−1 in the NL-
SUSY GR (SGM) scenario. NLSUSY GR action (1) is in-
variant at least under [new NLSUSY] ⊗ [local GL(4,R)] ⊗
[local Lorentz] ⊗ [local spinor translation] for spacetime sym-
metries and [global SO(N)] ⊗ [local U(1)N ] for the internal
symmetries in N (-superons ψi (i = 1,2, . . . ,N ))-extended
NLSUSY GR [4].
NLSUSY GR is unstable due to the NLSUSY structure of
tangent space and decays spontaneously (called big decay of
spacetime) to ordinary Riemann spacetime described by the
Einstein–Hilbert action coupled with massless superon (matter)
ψ of NLSUSY VA model, which is written formally as follows,
(3)L(e,ψ) = c
4
16πG
|e|{R(e) − Λ + T (e,ψ)},
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action of superon. The second and the third terms produce
(N -extended) NLSUSY VA action in asymptotic Riemann-flat
(eaμ(x) → δaμ) spacetime with κ2 = ( c4Λ8πG)−1, which is differ-
ent from SGM-flat (waμ(x) → δaμ) spacetime for (1).
As some NL theories can be recasted into equivalent linear
(L) renormalizable theories, NLSUSY is also the case and the
equivalence of N = 1 VA model to the free action of N = 1
scalar mutiplet or of N = 1 axial vector multiplet are studied
in detail [6]. The linearization of the highly nonlinear SGM
action (3) may be inevitable to extract the physical contents
of SGM, where the broken LSUSY is realized on the super-
multiplet containing mass gaps. To investigate the mass (gap)
generation mechanism in SGM scenario it is useful to go to
asymptotic flat spacetime. We have shown [7] that (the more
realistic) N = 2 NLSUSY VA model in terms of two superons
(Majorana NG fermion fields) ψi (i = 1,2), which corresponds
to the SGM action (3) for N = 2 in asymptotic Riemann-flat
spacetime, is (algebraically) equivalent to the spontaneously
broken N = 2 LSUSY massless supermultiplet with component
fields denoted by (va, λi, φ,F I ) (I = 1,2,3) for a U(1) gauge
field, two Majorana spinor fields of 2 of SU(2), a complex
scalar field and three auxiliary real scalar fields of 3 of SU(2);
indeed, the N = 2 NLSUSY VA action,
LVA = − 12κ2 |w|
(4)= − 1
2κ2
{
1 + taa + 12
(
taat
b
b − tabtba
)+ · · ·}
with |w| = detwab = det(δab + tab) and tab = −iκ2ψ¯ iγ a∂bψi ,
is recasted into the equivalent spontaneously broken N = 2
LSUSY action
(5)L0 = ∂aφ∂aφ∗ − 14F
2
ab +
i
2
λ¯i/∂λi + 1
2
(
FI
)2 − 1
κ
ξIF I ,
where Fab = ∂avb − ∂bva , the ξI are arbitrary real parame-
ters for the induced global SO(3) (SU(2)) rotation satisfying
(ξ I )2 = 1 and L0 means the (almost) free action. As usual
in the linearization of NLSUSY the Fayet–Iliopoulos (FI) F
terms in (5) indicating spontaneous SUSY breaking with the
vacuum expectation value 〈FI 〉 = ξI
κ
are generated automati-
cally. And all component fields of the LSUSY supermultiplet
can be constructed as the composites of superons ψi (called
SUSY invariant relations [6]), in such a way as the famil-
iar LSUSY transformations [8] defined on the elementary su-
permultiplet are reproduced on the above mentioned compos-
ite supermultiplet in terms of the NLSUSY transformations,
δζψ
i = 1
κ
ζ i − iκζ¯ j γ aψj∂aψi , on the constituent superons
ψi [7]. For ξ1 = ξ2 = 0 the above supermultiplet is the ordi-
nary N = 1 (axial) vector multiplet containing the U(1) gauge
field.
We have tried to extract the cosmological implications of
SGM scenario described by (1) and the subsequent big decay
to Riemann spacetime with massless superon (3) igniting the
Big Bang [5]. The variation of (3) with respect to eaμ gives theequation of motion for eaμ depicted formally as follows
(6)Rμν(e) − 12gμνR(e) =
8πG
c4
{
Tμν(e,ψ) − gμν c
4Λ
8πG
}
,
where Tμν(e,ψ) represents the stress–energy–momentum of
superon including the gravitational interactions. Note that
− c4Λ8πG can be interpreted as the constant negative energy den-
sity of empty spacetime, i.e. the dark energy density −ρD
responsible for the observed present acceleration of the uni-
verse. While, on tangent spacetime, the low energy theorem of
the particle physics gives the following superon–vacuum cou-
pling 〈ψjα(q)|J kμβ |0〉 = i
√
c4Λ
8πG(γ
μ)αβδ
jkeiqx + · · · , where
J kμ = i
√
c4Λ
8πGγ
μψk + · · · is the conserved supercurrent of NL-
SUSY VA action [9] and
√
c4Λ
8πG is the coupling constant gsv of
superon with the vacuum. Further as shown before the right-
hand side of (6) for N = 2 flat case is essentially N = 2 NL-
SUSY VA action. And it is equivalent to the broken LSUSY ac-
tion (5) which contains the SUSY breaking mass (gap) MSUSY
for the (composite) fields of the (massless) LSUSY supermulti-
plet
(7)M2SUSY ∼
〈
FI
〉∼
√
c4Λ
8πG
ξI ∼ gsvξI .
Suppose that among the LSUSY supermultiplet the stable and
the lightest particle retains the mass of the order of the spon-
taneous SUSY breaking MSUSY. And if the neutrino is such
a particle λ(x), i.e. mν2 ∼
√
c4Λ
8πG , then SGM predicts the ob-
served value of the (dark) energy density of the universe and
naturally explains the mysterious coincidence between mν and
ρobs ∼ ρD ,
(8)ρobs ∼ (10−12 GeV)4 ∼ m4ν.
The tiny values of neutrino mass and of the energy density of
the universe are the direct evidence of SUSY breaking in the
spontaneous phase transition of SGM spacetime (big decay)
preceding the Big Bang.
In the above discussions the realistic mass generation mech-
anism in the LSUSY supermultiplet is speculative, for unfor-
tunately the ordinary Yukawa interaction term is absent in the
equivalent LSUSY theory (5). Recently we have found that the
ordinary LSUSY invariant mass terms as well as the Yukawa
interaction terms vanish identically under the SUSY invariant
relation in the linearization of NLSUSY. Therefore we can add
these terms to the linearized free action (5) without violating
the equivalence and the invariance [10]. Now we can investi-
gate explicitly the realistic mass generation mechanism in SGM
scenario.
For simplicity and without loss of generality we consider
N = 2, D = 2 SO(2) SUSY and D = 2 SGM. The NLSUSY
VA model has the same form as (4) except LVA terminates at
O(t2). The equivalent D = 2 LSUSY theory [10] consists of
the supermultiplet with component fields (va, λi,A,φ,F ) and
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L0 = 12 (∂aA)
2 − 1
4
(Fab)
2 + i
2
λ¯i/∂λi + 1
2
(∂aφ)
2
(9)+ 1
2
F 2 − 1
κ
ξF.
We constructed the action (9) based on the arguments in N = 1,
D = 2 super-Yang–Mills theory. The D = 2 SUSY invariant
relations for those component fields are constructed as com-
posites of ψi in all orders as follows [10],
(10)va = − i
2
ξκij ψ¯ iγ aψj |w|,
(11)λi = ξ
[
ψi |w| − i
2
κ2∂a
{
γ aψiψ¯jψj
(
1 − iκ2ψ¯k/∂ψk)}],
(12)A = 1
2
ξκψ¯iψi |w|,
(13)φ = −1
2
ξκij ψ¯ iγ5ψ
j |w|,
(14)F = ξ
κ
|w| − 1
8
ξκ3(ψ¯ iψiψ¯jψj ).
The most general LSUSY invariant (Yukawa) interaction and
mass terms are given by
(15)
Lf = f
(
Aλ¯iλi − ijφλ¯iγ5λj + A2F − φ2F − abAφFab
)
and
(16)Lm = −12m
(
λ¯iλi − 2AF + abφFab
)
,
where f is an arbitrary constant with the dimension (mass)1.
Substituting the SUSY invariant relations from (10) to (14)
into (15) and (16) we see they vanish identically, i.e. Lf (ψ) =
Lm(ψ) ≡ 0 in D = 2 (and D = 4 as well). Therefore the most
general form of the renormalizable LSUSY invariant theory
equivalent to N = 2, D = 2 NLSUSY VA action is written as
follows,
(17)LVA = L0 + Lf + Lm + (tot. der. terms),
which is equipped with the self-contained spontaneous SUSY
breaking.
Now at the tree level we can easily see the mediation of
mass generation in the spontaneous SUSY breaking from the
spacetime origin for NLSUSY to the (Yukawa–)Higgs origin
for LSUSY as follows. For simplicity and corresponding to the
chiral LSUSY supermultiplet we put Lm = 0. The configura-
tion of the scalar fields for the vacuum determines the contents
of the LSUSY theory. The potential is given by
(18)V (A,φ,F ) = −1
2
F 2 + ξ
κ
F − f (A2F − φ2F ).
Substituting the field equation for the auxiliary field, F = ξ
κ
−
f (A2 − φ2), into (18) we obtain
(19)V (A,φ) = 1
2
{
f
(
A2 − φ2)− ξ
κ
}2
 0.In the (A,φ) plane, the massless mode and the massive mode
appear parallel and perpendicular to the hyperbolic curve, A2 −
φ2 = ξ
f κ
, respectively and some staffs of the LSUSY supermul-
tiplet become massive. To see this we express the scalar fields A
and φ as follows,
(20)A(x) = −
√
ξ
f κ
{
1 + ϕ(x)} cosh θ(x),
(21)φ(x) =
√
ξ
f κ
{
1 + ϕ(x)} sinh θ(x)
and substitute these expressions into L0 + Lf . We obtain after
rescaling appropriately
L0 + Lf = 12 (∂aϕ)
2 + 1
2
(∂aθ)
2 − 1
4
F 2ab +
i
2
λ¯i/∂λi
(22)
−
√
f ξ
κ
λ¯iλi − 2f ξ
κ
ϕ2 + · · · + (interaction terms),
where we assume ϕ, θ 	 1 for simplicity. We see from Eq. (22)
that the fermions λi and the radial scalar mode ϕ get the fol-
lowing masses in asymptotic flat space of D = 2 SGM scenario
with κ2 = ( c4Λ8πG)−1,
(23)m2
λi
= m2ϕ = 4
√
c4Λ
8πG
f ξ,
while θ and va remain massless. These arguments show that the
relation (7) and (8) hold qualitatively in D = 2, provided f ξ ∼
O(1). We can expect the similar results in D = 4, for Eqs. (7)
and (8) may be qualitatively the universal results from the lin-
earization of NLSUSY in asymptotic Riemann-flat space with
κ2 = ( c4Λ8πG)−1 of SGM scenario and independent on the dimen-
sions of asymptotic space. (The same order contribution of the
see-saw mechanism are anticipated [11].) However, considering
peculiar features of D = 2 GR, the explicit similar arguments in
D = 4 with the explicit Yukawa and mass terms should be car-
ried out for considering seriously the physical meaning of (23),
i.e. the identification with the mass for neutrino, a new light
scalar particle and the dark energy density, . . . , etc. These re-
sults show explicitly the mediation of mass generation in the
spontaneous SUSY breaking in SGM scenario from the space-
time origin in NLSUSY to (Yukawa–)Higgs origin in LSUSY.
We can perform the same arguments for D = 4 N -extended
SUSY by using the chiral representations (for fermions), where
the induced global SU(N) internal symmetry are formulated
manifestly and compactly as shown for D = 4 N = 2 [7]. The
large mass scales and the compact (broken) gauge d.o.f. neces-
sary for constructing the realistic model will appear through the
linearization of Tμν(e,ψ) with the large N which contains the
mass scale Λ−1 and the higher order terms with ψ . NLSUSY
GR with extra spacetime dimensions equipped with the big de-
cay and the spontaneous compactification is interesting and in
the same scope.
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